The composition of the essential oil hydrodistilled from the aerial parts of 18 individual Artemisia herba-alba Asso. plants collected in southern Tunisia was determined by GC and GCMS analysis. The oil yield varied between 0.68% v/w and 1.93% v/w. One hundred components were identified, 21 of of which are reported for the first time in Artemisia herba-alba oil. The oil contained 10 components with percentages higher than 10%. The main components were cineole, thujones, chrysanthenone, camphor, borneol, chrysanthenyl acetate, sabinyl acetate, davana ethers and davanone. Twelve samples had monoterpenes as major components, three had sesquiterpenes as major components and the last three samples had approximately the same percentage of monoterpenes and sesquiterpenes. The chemical compositions revealed that ten samples had compositions similar to those of other Artemisia herba-alba essential oils analyzed in other countries. The remaining eight samples had an original chemical composition.
Introduction
Artemisia herba-alba Asso. known also as "desert wormwood" is a prominent plant of the IranoTuranien steppes of Spain, North Africa and the Middle East [1] [2] [3] [4] . It is one of five spontaneous Artemisia species recorded in Tunisia [5] . This plant is used as aromatisant for tea and in folk OPEN ACCESS medicine for treatment of colds, coughing, intestinal disturbances and as antidiabetic agent [6, 7] . A survey carried out among the South Tunisian population showed that Artemisia herba-alba is the most recognized aromatic and medicinal plant [8] . In Tunisia, this greenish-silver perennial shrub is present in areas with between 400 mm and 90 mm of annual precipitations. It is characterized by its drought tolerance, essentially due to its leaves' polymorphism and root architecture [9] [10] [11] .
Investigations on the medicinal properties of A. herba-alba extracts reported anti-diabetic, leishmanicidal, antibacterial, and antifungal properties [12] [13] [14] [15] . Over last decades, studies on A. herba-alba were focused on its essential oils. Their composition in different parts of the world revealed a high level of polymorphism and led to the definition of several chemotypes.
Studies from Spain [16, 17] showed that monoterpene hydrocarbons and oxygenated monoterpenes are the most abundant skeletons in A. herba-alba oil, but large amounts of sesquiterpenes were found for some populations. Camphor, 1,8-cineole, p-cymene and davanone were the major compounds found. Two oil types were found for plants grown in Israel and Sinai [18] those of cineol-thujanebornane type and the pinane type with monoterpene skeletons. Chemotaxonomic affinity between Spanish and Israeli populations of the same plant was not reflected in their oil composition.
In Jordan regular monoterpenes were predominant and the principal components were α-and β-thujones, classifyng the plant as being a thujone chemotype [19] . In Morocco, the market leader in A. herba-alba essential oil exports, 16 chemotypes were found [20] , with 12 having monoterpenes as major components and for four, sesquiterpene skeletons represent the major fraction of the oil. Investigations reported no correlation between chemotypes and geographic distribution. [21] For Algerian oil monoterpenes were the major components, essentially camphor, α-and β-thujones, 1,8-cineole and chrysanthenyl derivatives [22, 23] . In Tunisian oil oxygenated monoterpenes were found to be the major components of A. herba-alba oil extracted from aerial parts of plants originated from arid regions [24, 25] .
Studies on A. herba-alba didn't cover the entire domain where this plant is found. The aim of this study was to elucidate the chemical polymorphism of A. herba-alba from the sub-arid to Saharan domains in Tunisia.
Results and Discussion
In order to study the chemical composition and variability of the A. herba-alba essential oils, 18 individual plants were collected from different populations located in Southern Tunisia. These plants were selected from environmentally diverse areas and subcultured under the same ecological conditions.
Hydrodistillation of the aerial parts of these A. herba-alba samples yielded yellowish liquid oils. The oil yield varied between 0.68% v/w and 1.93% v/w, based on dried weight of samples. Same variation in the essential oil yield was also found in Spain [17] .
The chemical composition of the oil was investigated using both GC and GC-MS techniques. Table  1 lists the components identified in the essential oil of A. herba-alba, their RI, and their concentration in the different samples. One hundred components, accounting for 93.5% to 100% of the oil, were identified, 75 of them being reported for the first time in Tunisian oil, to our knowledge, and 21 of which have not been previously reported in A. herba-alba oils (see footnotes in Table 1 ). Among the 18 essential oil samples, monoterpenes constituted the major fraction of the oil in 12 samples, amounting to more than 57% of the total oil (Table 1 ). In three samples (E2, E10, and E14), sesquiterpenes were more abundant than monoterpenes, with concentrations as high as 54% of the total oil. For the last three samples (E3, E6, and E13), monoterpenes and sesquiterpenes have sensibly the same contribution to the total oil composition ( Table 1) . For monoterpene-rich samples, oxygenated monoterpenes are the most abundant and for sesquiterpene-rich samples, oxygenated sesquiterpenes represent the major fraction of the oil.
Among the hundred identified components, ten of them (cineole, thujones, chrysanthenone, camphor, borneol, chrysanthenyl acetate, sabinyl acetate, davana ethers and davanone) could be considered as major components, with concentrations superior to 10% of the total oil.
Cineole was reported as the major component in the essential oil from Spain [16, 17] , Israel [18] , Egypt [26] , and Morocco [20] . Its concentration reaches high values (superior to 40%) in Spain and Israel [17, 18] . In Tunisian A. herba-alba oil, previous studies reported none or very low values for 1,8-cineole concentration [24, 25] , like essential oils from Algeria and Jordan [19, 23] . In this study 1,8-cineole concentration varied between 0.6% in sample E2 and 26% in sample E18. This kind of variation was observed in Moroccan oil where a cineole-camphor chemotype was defined [20] .
Thujones were absent in two samples (E2 and E3) but represented 64% of the E15 sample. These components give the specific odor and taste to A. herba-alba plants. The absence of thujones was reported for all the oils from Spain [16, 17] . Reported concentration in the other oils varies, but didn't reach the concentration observed for the E15 sample in this study.
Chrysanthenone reached the highest percentage (17%) in sample E2. This component, with a pinane skeleton, wasn't found in Tunisian A. herba-alba essential oil at such high concentrations [24, 25] . In Spain and Algeria, chrysanthenone was found at amounts comparable to those found in this study [17, 23] . In Morocco, a chrysanthenyl chemotype was defined, with chrysanthenone concentrations as high as 77% of the total oil [20] .
Camphor was found at high concentrations in five samples (E1, E11, E12, E17, and E18) and constituted the major component in two of them (E1 and E12). This chemical is one of the most encountered components in A. herba-alba oil. In Morocco, five chemotypes were defined as camphor type oils [20] .
Borneol was found as a major component in sample E18. High levels of borneol were found in oils from the Sinai [18] , but the chemotype defined there (cineole-thujone-borneol) is characterized by its high level of thujone, whereas sample E18 has a low level of thujone but a high camphor concentration.
Chrysanthenyl acetate was found at its highest concentrations in sample E9 with sabinyl acetate and thujones as main components. Such association was observed in A. herba-alba from Tunisia [24] .
Sabinyl acetate was present as a major component in five samples, with a concentration range from 10% to 22% of the total oil. High levels of sabinyl acetate were only found in oils originated from the south of Tunisia [8, 24, 27] .
The main sesquiterpenes found in the studied oils are davana ethers and davanone. Several davana ether isomers were identified. In Tunisia (this study) three isomers were found, while in Spain two isomers were identified [17] , and in Morocco four isomers were described in A. herba-alba oil [20] .
Davanone, and its derivatives, were also identified in Israel [18] , but the highest levels were observed in Morocco, leading to the definition of four davanone chemotypes [20] .
Of the 18 samples studied ten have compositions similar to published essential oils of A. herbaalba. Sample E4 has thujones and sabinyl acetate as main components as the oil extracted from other locations in Tunisia [24] . Samples E6, E7, E8, E14, E15, and E16, with thujones as major components, have their equivalent in Moroccan and Jordanian oils [19, 20] . A thujones-camphor oil (sample E12) was also observed in Morocco [20] and cineole-camphor-borneol oil (sample E18) was observed in Israel [18] . The most frequent chemotype is composed of cineol and camphor and was observed in sample E17 and in Morocco, Spain and Israel [16, 18, 20] .
The eight remaining samples (E1, E2, E3, E5, E9, E10, E11, and E13) have an original composition. The main components association observed in these oils was not observed in A. herbaalba essential oil composition published elsewhere. 
Experimental

Plant material
A. herba-alba aerial parts (leaves and stems) were collected from subcultured plants originated from different localities in sub-arid to Saharan domains of Tunisia (Figure 1 ) at the Institut des Régions Arides Médenine. Plant identification was carried out by A. Ferchichi, botanist at the Institut des Régions Arides Médenine. All samples were shade dried for 15 days at room temperature with ventilation. The material was cut into small pieces and subjected to hydrodistillation using a Clevenger-type apparatus for 4 hours. The oil was collected and stored at -12 °C in amber vials before analysis.
GC analysis
Analytical gas chromatography was carried out using an Agilent-HP6890 gas chromatography system fitted with a DB-5 fused silica capillary column (30 m x 0.32 mm, 0.25 µm film thickness). Carrier gas was helium at a flow rate of 1 mL/min. Column temperature was initially kept at 60°C for 5min, then gradually increased to 280°C at a rate of 2°C/min, and held for 10 min. Samples (1µL, appropriately diluted in hexane) were injected at 280°C with split mode (1:50). A hydrocarbon mixture for retention index (RI) measurement was injected at the same above conditions. Flame ionization detector (FID) was set at 280°C.
GC-MS analysis
GC-MS analysis was carried on an Agilent-HP6890 gas chromatography system (same specifications and conditions as above), coupled with a high resolution Waters Micromass Autospec Ultima mass detector operating in the EI mode (70eV). Components identification was done by GC (according to RI) and GC-MS (according to fragmentation patterns) and by comparing results with literature [28] [29] [30] . Retention indices (RI) were calculated by comparing the retention times of the eluting peaks with those of standard hydrocarbon mixture using a Van Den Dool and Kratz formula [31] . The components concentration was calculated from GC peak areas without the use of correction factors.
Conclusions
This study revealed a high level of chemical polymorphism of the essential oils of A. herba-alba originated from different localities in southern Tunisia. Ten samples had a chemical composition similar to that published for A. herba-alba oils from different countries but eight samples had an original chemical composition. This remarkable polymorphism could be due to differences in the ecological and climatic characteristics of the localities from where samples were taken.
